Introduction
============

Periodontitis is a chronic inflammatory disease, which results in the destruction of periodontal connective tissue, alveolar bone resorption, and tooth loss.[@b1-ijn-7-4769],[@b2-ijn-7-4769] Lipopolysaccharide (LPS) leads to chronic inflammation resulting in disruption of the structural integrity of the periodontal ligament and progressive alveolar bone destruction. The infected/inflamed area in periodontitis was shown to be associated with macrophage activation via increased serum LPS.[@b3-ijn-7-4769] LPS can directly activate macrophages and participate in the pathogenesis of various periodontal diseases through expression of a host of proinflammatory factors. Among them, tumor necrosis factor-α (TNF-α) is thought to be pivotal cytokine in the context of periodontal disease.[@b4-ijn-7-4769],[@b5-ijn-7-4769]

As an adjunctive treatment of chronic periodontitis, it seems that the systemic of local application of antimicrobials is effective against periodontopathogens, and it can reduce the pocket depth, and hopefully it can need for surgery.[@b6-ijn-7-4769]--[@b8-ijn-7-4769] Minocycline hydrochloride, a broad-spectrum antibiotic was found to have a potential anti-inflammatory efficacy in periodontitis. The systemic administration of minocycline hydrochloride has been demonstrated as having a long-term reductive effect on subgingival microorganisms.[@b9-ijn-7-4769] It has also been proved to play a role in the immune response caused by cell factors with beneficial effect on various indices of periodontal health.[@b10-ijn-7-4769]

Various types of nanoliposomes are currently used clinically as delivery systems for drugs. The nanoliposomal system is highly desirable for drug delivery due to the following advantages. Firstly, it is relative easy to incorporate hydrophilic and lipophilic therapeutic agents in liposomes. Secondly, liposomes can be delivered directly to an accessible body site, such as the periodontium. Thirdly, the nanoliposomes are relative nonimmunogenicity and low toxicity.[@b11-ijn-7-4769]--[@b13-ijn-7-4769] Nanoliposomes also have a natural targeting for macrophages. Minocycline hydrochloride cannot readily pass through the lipids because of their relatively hydrophilic. The local application, when associated with a controlled release and targeted drug-delivery device, offers the advantage of containing the high concentration of the drug in the pocket. This reduces the risk of side effects[@b14-ijn-7-4769] and of the possible appearance of microbial resistance.[@b15-ijn-7-4769]

As one of the main pathogenesis of the periodontitis, LPS can directly induce TNF-α release from macrophages. This prompts us to investigate the anti-inflammatory effects of minocycline hydrochloride nanoliposomes in inhibiting inflammatory cytokine TNF-α secretion in a mouse macrophage cell (ANA-1) stimulated by LPS and to determine the mechanism of action in periodontitis treatment.

Materials and methods
=====================

Materials
---------

The Centrophase HR/HR-2B was purchased from Central Soya Co (Fort Wayne, IN). The NBD Cholesterol was purchased from Invitrogen, Life Technologies (Carlsbad, CA). M9511 (100 mg) was purchased from SIGMA (St Louis, MO). The thiazolyl blue (BY11088; 250 mg) was purchased from SIGMA. The lipopolysaccharides (L2880; 10 mg) obtained from *Escherichia coli* was purchased from SIGMA. The periocline (JP01021603; 0.5 g) was purchased from Sunstar Inc (Osaka, Japan).

Preparation of minocycline hydrochloride nanoliposomes
------------------------------------------------------

Nanoliposomes composed of hydrogenated soy phosphatidylcholine and cholesterol (molar ratio, 2:1) were prepared via extrusion. Lipids were combined in their respective molar ratios and then dissolved in a 9:1 mixture (by volume) of 99.9% chloroform. The organic solvent was then evaporated under a stream of nitrogen. After an even and uniformly dried lipid film was obtained, the dried lipid layer was hydrated with minocycline hydrochloride solution (5 mg/mL) and Dulbecco's phosphate-buffered saline (PBS) without calcium chloride and magnesium chloride. The lipid suspension was then mixed for 1--2 minutes on level 5 using a Mini Vortexer mixer (Fisher Scientific, Pittsburg, PA). Unilamellar liposomes were then bath-sonicated at room temperature for 20 minutes using a special ultrasonic cleaner, whereas multilamellar liposomes were not immediately sonicated. After stirring, the nanoliposomes had a mean diameter of 90 ± 15 nm ([Figure 1A and B](#f1-ijn-7-4769){ref-type="fig"}).

MTT assay test macrophages cell proliferation rate
--------------------------------------------------

According to the manufacturer's protocol, ANA-1 cells were seeded in a 96-well plate with 6 × 10^3^ cells per well, and subsequently treated with 10, 20, 40, 50, 70, and 100 μg/mL 2% minocycline hydrochloride nanoliposomes, periocline, 2% minocycline hydrochloride solution, and blank group for 1, 6, 12, 18, 24, 48, and 60 hours. Thereafter, cell viability was determined by the MTT assay. The cell relative growth rate (RGR) was calculated as following (OD of experimental group/OD of control group) × 100%. The ANOVA was used to analyze the RGR differences among three treatment groups. And the multivariation linear regression was used to analyze the influence of concentration (x1) and time (x2) to the cell relative growth rate of 2% minocycline hydrochloride nanoliposomes, periocline, 2% minocycline hydrochloride solution, and reciprocal effect (x1\*x2) between concentration and time. Data were analyzed by SPSS software (SPSS Inc, Chicago, IL).

SYBR Green Real Time PCR (RT-PCR) measure the levels of TNF-α mRNA
------------------------------------------------------------------

The specimens were divided into five groups at random: bland group; negative control, 10 μg/mL LPS; experimental group, 2% minocycline hydrochloride nanoliposomes; positive control I, periocline (2% minocycline hydrochloride Gel); positive control II, 2% minocycline hydrochloride solution. After stimulation with 10 μg/mL LPS for 1 hour, all the ANA-1 cells were treated with 10, 20, 40, 50, and 70 μg/mL 2% minocycline hydrochloride nanoliposomes, periocline, and 2% minocycline hydrochloride solution for 6, 12, 24, 48, 60 hours. Total cellular RNA was extracted by using the Trizol method. The concentration of the RNA was determined by measuring the absorbance at 260 and 280 nm. Total RNA was used as a template for the cDNA synthesis. The reverse transcription (RT) was performed by using ReverTra Ace TM. The primer sequences for PCR amplification were as follows: TNF-α, forward primer, 5′-CACGTCGTAGCAAACCACCAA-3′, and reverse primer, 5′-GTTGGTTGTCTTTGAGATCCAT-3′; 100 bp; Then, 1 μL cDNA was amplified by PCR with a Bio-Rad thermal cycler. The PCR products were separated in 1.8% agarose gel electrophoresis, and visualized by ethidium bromide staining. Data were analyzed by SPSS software (SPSS 12.0; SPSS Inc., Chicago, IL) and analysis of variance.

Results
=======

Effects of minocycline hydrochloride nanoliposomes on ANA-1 viability
---------------------------------------------------------------------

Three treatment groups including 2% minocycline hydrochloride nanoliposomes, periocline and 2% minocycline hydrochloride solution could suppress macrophages proliferation. The results of ANOVA showed that there was no statistically significant difference in the inhibition of macrophages proliferation among these three groups. With extending of treatment time and the increasing concentration, the macrophages cell proliferation rate continued decline ([Figure 2](#f2-ijn-7-4769){ref-type="fig"}).

Significant negative correlations were observed between the cell relative growth rate and factors of time, concentration of 2% minocycline hydrochloride nanoliposomes, periocline, 2% minocycline hydrochloride solution (R^2^ = 0.9473, *P* \< 0.0001, R^2^ = 0.9468, *P* \< 0.0001, R^2^ = 0.9437, *P* \< 0.0001), and moreover there were interactions effects between the factors of time and concentration (*P* \< 0.0001, *P* \< 0.0001, *P* \< 0.0001) ([Table 1](#t1-ijn-7-4769){ref-type="table"}).

Effects of minocycline hydrochloride nanoliposomes on LPS-induced gene expression of TNF-α
------------------------------------------------------------------------------------------

Both 10, 20, 40, 50, and 70 μg/mL 2% minocycline hydrochloride nanoliposomes and 20, 40, 50, and 70 μg/mL periocline, 2% minocycline hydrochloride solution showed dose- and time-dependent reduction of LPS-induced TNF-α mRNA expression on macrophages compared with LPS treated groups (*P* \< 0.05). But 10 μg/mL 2% minocycline hydrochloride solution and periocline did not generate any inhibitions to TNF-α as 10 μg/mL nanoliposomes did ( [Figure 3A](#f3-ijn-7-4769){ref-type="fig"}). The inhibitions of 10--70 μg/mL 2% minocycline hydrochloride nanoliposomes on TNF-α secretion were stronger than both positive groups ([Figure 3A--E](#f3-ijn-7-4769){ref-type="fig"}), and the inhibitory effects of positive I were better than positive II ([Figure 3B--E](#f3-ijn-7-4769){ref-type="fig"}) (*P* \< 0.05). The inhibition of 10 μg/mL minocycline hydrochloride nanoliposomes was equated to the effects of 60 or 70 μg/mL periocline ( [Figure 3A, D and E](#f3-ijn-7-4769){ref-type="fig"}). And the expression of TNF-α mRNA continued to decrease in proportion, which indicated that minocycline hydrochloride nanoliposomes had the character of controlled release. The inhibitions of periocline on the expression of TNF-α mRNA were increased in 24 hours and decreased in 48 hours. The expression of TNF-α mRNA in 2% minocycline hydrochloride solution group showed the continuous decrease, and it showed the lowest inhibitory action among the three groups ([Figure 3B--E](#f3-ijn-7-4769){ref-type="fig"}).

Discussion
==========

Periodontitis commonly is a chronic inflammatory condition in humans. Some studies provided insight that LPS could contribute to defective periodontium in periodontitis.[@b16-ijn-7-4769],[@b17-ijn-7-4769] LPS is the leading stimulus that initiates the host response in the periodontal pocket and activates macrophages cells to release proinflammatory cytokines.[@b18-ijn-7-4769]--[@b21-ijn-7-4769] Consequently, this proinflammatory cytokine can lead to inflammatory cascades and result in periodontium destruction. So the extent of affected tissue in periodontitis is directly associated with the production of cytokines. For an important role in host defense reactions and in homeostasis, local macrophage activation plays a crucial role in periodontium inflammatory process. TNF-α originates mainly from activated macrophages release; it is expressed in higher levels in the gingival crevicular fluid and inflamed periodontium of patients with clinical periodontium disease than in healthy people, and it also causes alveolar bone resorption.[@b22-ijn-7-4769]

As a conventional anti-inflammatory agent, minocycline hydrochloride exerts anti-inflammatory activity in macrophages and other immune cells, and these effects were independent of its antimicrobial action. It had been demonstrated having a long-term reductive effect on subgingival microorganisms, which was one of its main purposes in the course of periodontitis treatment. Minocycline hydrochloride exhibited strong inhibitory activities against *Porphyromonas gingivalis* with a minimal inhibitory concentration at 90% (MIC~90~) less than 0.1 μg/mL. For *P. intermedius* and *Eikenella eorrodens* the MIC~90~ was less than 0.39 μg/mL, while for *Fusobacterium nucleatum* this was 0.78 μg/mL.[@b23-ijn-7-4769] Then 10--70 μg/mL minocycline hydrochloride used in this study, theoretically not only can contribute to antibacterial requirements, but also have an effect on immune response.

Minocycline hydrochloride have been proved to exhibit anti-inflammatory action by inhibiting macrophages.[@b24-ijn-7-4769] Our research verified that 2% minocycline hydrochloride nanoliposomes, 2% minocycline hydrochloride solution, and periocline all showed inhibition of macrophage proliferation, and there were no statistical difference among them. This inhibition effect was positively correlated with time and concentration of the drugs. Positive control I, periocline, is a topical antibiotic approved in a number of countries, and is a slow-release drug that has been proved to be effective and widely used in clinical topical periodontitis treatment.[@b25-ijn-7-4769] Moreover, our results showed that treatment of macrophages with 20--70 μg/mL 2% minocycline hydrochloride solution, periocline and 10--70 μg/mL 2% minocycline hydrochloride nanoliposomes could significantly suppress LPS-induced TNF-α production time and dose-dependently. The key point of this study was that 2% minocycline hydrochloride nanoliposomes had significantly stronger and longer inhibition effect on LPS-stimulated TNF-α secretion of macrophages cell than periocline and minocycline hydrochloride solution, which will contribute to reducing the impact of cytokine-mediated tissue destructive processes in periodontitis more efficiently. This result indicated that nanoliposomes were a new way with a greater efficiency of anti-inflammatory action in the low dose (10 μg/mL). The reasons were as follow:[@b26-ijn-7-4769]--[@b29-ijn-7-4769] (1) Liposome drug delivery seeks to concentrate the medication in the tissues of interest while reducing the relative concentration of the medication in the remaining tissues. This improved efficacy can reduce side effects; (2) Suspensions of liposomes with diameter of 130 ± 15 nm are possible since the interaction of the particle surface with the solvent is strong enough to overcome density differences. Nanoliposomes have a very high surface area to volume ratio, which provides a tremendous driving force for diffusion, and have excellent moisturizing and penetrating properties; (3) Liposomes are composed of naturally occurring, biodegradable lipids organized into bilayer lipid membranes that enclose an aqueous core. Due to their unique properties, nanoliposomes can carry both hydrophobic molecules and hydrophilic molecules to deliver the molecules to sites of action. The nanoliposomes encapsulate a region on minocycline hydrochloride aqueous solution inside a hydrophobic membrane; dissolved hydrophilic minocycline hydrochloride cannot readily pass through the lipids. The lipid bilayer can fuse with the bilayer of cell membrane, and then carry minocycline hydrochloride into macrophages directly; (4) Liposomes can deliver the drug to sites of abundant macrophages for their specificity for macrophages. They can be made in a particular size (90 ± 15 nm) which makes them viable targets for natural macrophage phagocytosis. Macrophages may be responsible for the phagocytosis of targeting device liposomes. Then liposome-encapsulated drugs can slowly emanate to inhibit their production and release of proinflammatory cytokines, which seems to be responsible for reducing inflammatory reactions during periodontitis. Encapsulation of minocycline hydrochloride within nanoliposomes can greatly increase their intracellular delivery to specific target cells, enhance their protective effects against intracellular oxidant-mediated damage, and extend biologic half-life of minocycline hydrochloride.

Results also found that the expression of TNF-α mRNA continued to decrease in proportion in experimental group, which suggested 2% minocycline hydrochloride nanoliposomes might have a controlled release role. The inhibition of periocline showed nonregularity and reduction in volatility as slow release systems did. The controlled release systems can protect the supply of the agent to allow the automatic release of the agent to the target at a controlled rate and to maintain its concentration in the system within the optimum limits over a specified period of time, thereby providing great specificity and persistence without diminishing efficiency.[@b30-ijn-7-4769],[@b31-ijn-7-4769] Controlled release of minocycline hydrochloride could be used to maintain the local concentration of active ingredients in the periodontium and to reduce runoff.[@b32-ijn-7-4769],[@b33-ijn-7-4769]

The improvements of minocycline hydrochloride liposome are: (1) Specificity for macrophages, which is obtained by phagocytosis of liposomes. (2) Organ or tissue specificity, which is obtained by using different administration routes. (3) Actions should be unidirectional: high and low doses should not have opposite effects. (4) It is harmless and biodegradable of both carriers and drugs. (5) Activity can last for a defined periodontitis of time only. (6) It avoids the release of dead-cell remnants and products. (7) It is specifically concern either phagocytosis or cyto/ chemokine production.

However, the size of liposomes and their stability by interaction with serum proteins were considered to be major problems. In this vitro study, the stability of these liposomes after 24 hours incubation was unclear. In the preliminary study, the encapsulation efficiency was approximately 70% after 24 hours incubation in the medium. We used the heat-inactivated fetal bovine serum in this study and the contributions of the factors that influence the instability of liposomes were considered to be low. Generally, the administered liposomes were eliminated from the circulation due to the increased instability of them following the interaction with serum proteins and to the uptake of them by reticuloendothelial system (RES) and/or mononuclear phagocyte system (MPS).[@b34-ijn-7-4769] Moreover, the instability and in vivo behavior of liposomes were closely related to their size. The larger size liposomes showed higher instability and higher uptake by the RES and/or MPS. Application of small unilamellar vesicles modified with polyethylene glycol (PEG) might solve these problems.[@b35-ijn-7-4769] Further studies are necessary to examine the anti-inflammatory effects of minocycline hydrochloride liposome by a series of in vivo experiments.

Conclusion
==========

The preparation of minocycline hydrochloride nanoliposomes can inhibit the proliferation of murine macrophages (ANA-1), and specifically achieve the stronger anti-inflammatory effects by suppression of TNF-α mRNA expression. And it will be a more effective potential therapeutic agent for inflammatory and immune periodontal diseases with a reduced dose (10 μg/mL). The controlled release effects of minocycline hydrochloride nanoliposomes could provide a long-term therapeutic effect of drug at the site of action following a single dose. The minocycline hydrochloride nanoliposomes show a promising potential for targeted, controlled release topical periodontitis therapy.
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![Scanning electron microscopy images (**A**) and structure schematic drawing (**B**) of liposomes.](ijn-7-4769f1){#f1-ijn-7-4769}

![Effects of macrophages proliferation rate of 10--100 μg/mL 2% minocycline hydrochloride nanoliposomes, periocline, and 2% minocycline hydrochloride solution work on ANA-1 for 1, 6, 12, 18, 24, 48, and 60 hours.\
**Abbreviations:** hr, hours; Periocline, 2% minocycline hydrochloride gel; ANA-1, murine macrophages (ANA-1).](ijn-7-4769f2){#f2-ijn-7-4769}

![Quantitative analysis of RT-PCR products of TNF-α mRNA at 6 hours, 12 hours, 24 hours, 48 hours and 60 hours; values are means ± SD from three duplicate experiments. \**P* \< 0.05, different from the value in LPS treated groups; \*\**P* \< 0.05, different from the value in periocline-treated groups; ^\#^*P* \< 0.05, different from the value in 2% minocycline hydrochloride solution treated groups. Drug concentration of experimental group, positive control I and positive control II were 10 (**A**), 20 (**B**), 40 (**C**), 50 (**D**) and 70 (**E**) μg/mL respectively.\
**Abbreviations:** Periocline, 2% minocycline hydrochloride gel; RT-PCR, Reverse Transcription-Polymerase Chain Reaction; TNF-α, Tumor necrosis factor-alpha; LPS, Lipopolysaccharide; SD, standard deviation.](ijn-7-4769f3){#f3-ijn-7-4769}

###### 

The influence of factors of time and concentration work on the cell relative growth rate of 2% minocycline hydrochloride nanoliposomes, periocline, and 2% minocycline hydrochloride solution

                                               Variable   DF         Parameter estimate   Standard error   *t* value   Pr \> \|t\|
  -------------------------------------------- ---------- ---------- -------------------- ---------------- ----------- -------------
  2% minocycline hydrochloride nanoliposomes   x1         1          −0.29896             0.02949          −10.14      \<0.0001
  x2                                           1          −0.17686   0.05322              −3.32            \<0.0002    
  x1\*x2                                       1          −0.00454   0.00093356           −4.87            \<0.0001    
  Periocline                                   x1         1          −0.29928             0.02930          −10.22      \<0.0001
  x2                                           1          −0.19571   0.05287              −3.70            \<0.0007    
  x1\*x2                                       1          −0.00423   0.00092739           −4.56            \<0.0001    
  2% minocycline hydrochloride solution        x1         1          −0.29288             0.02967          −9.87       \<0.0001
  x2                                           1          −0.20907   0.05355              −3.90            \<0.0004    
  x1\*x2                                       1          −0.00404   0.00093938           −4.30            \<0.0001    

**Notes:** x1, 10, 20, 40, 50, 70 and 100 μg/mL; x2, 1, 6, 12, 18, 24, 48, and 60 hours; x1\*x2, reciprocal effect between concentration and time factors.

**Abbreviations:** Periocline, 2% minocycline hydrochloride gel; DF, degree of freedom.
